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STABILISING BEVERAGES 

This invention relates to stabilising beverages against haze formation and, in particular, 
using treated silicas for stabilising fermented and other beverages. 

5 

Beverages, particularly alcoholic fermented beverages, for example beers, have a tendency 
to produce haze which can be of biological or physico-chemical origin, and a number of 
products and processes are used for the removal of haze-forming constituents. Whilst gross 
haze effects are resolved by filtration, flocculation, or centrifugation, secondary haze 
1 0 develops during storage due to interactions between certain polypeptides and polyphenols 
which coagulate and precipitate. This haze therefore becomes apparent only at a stage 
when the beverage is being prepared for consumption and when removal is impractical. A 
number of organic and inorganic substances can be used to remove such haze precursors 
as polyphenols or polypeptides prior to packaging and so stabilise the beverage. 

15 

One well-known substance is a water-insoluble, cross-linked polyvinyl pyrrolidone (often 
called polyvinyl polypyrrolidone or PVPP) which removes polyphenols and hence 
stabilises the beverage against haze formation. However, commercially available cross- 
linked polyvinyl pyrrolidones usually contain water-soluble, non-cross-linked material, 
20 which can remain in the beverage after treatment. In addition, these materials are 
relatively expensive. Furthermore, in a situation where it is desirable to use a combination 
of silica and PVPP in a single treatment step, it is necessary to use a silica xerogel 
because the PVPP is physically incompatible with silica hydrogel. 

25 Surprisingly, it has now been found that a composition produced from silica and a polymer 
containing pyrrolidone groups can be used to treat beverages and overcome some of the 
above disadvantages of cross-linked polyvinyl pyrrolidone. 

Consequently, according to the invention, a process for stabilising a beverage against 
30 haze formation comprises treating the beverage with a stabilising agent comprising a 
particulate silica having a mean pore diameter of at least 6 nm and which has been 
modified by interaction with a water-soluble polymer having pendant pyrrolidone groups, 
the polymer being present on the silica in an amount from 5 to 35 per cent by weight with 
respect to anhydrous weight of silica. 

35 

Surprisingly, it has been found that, despite being water-soluble, the polymer remains 
substantially bound to the silica during the treatment of the beverage. In addition, the 



WO 02/057403 



PCT/GB02/00045 



2 

stabilising agent used in the invention is cheaper to produce than the conventional cross- 
linked polyvinyl pyrrolidone, since substantially less pyrrolidone-containing polymer is 
required to provide sufficient accessible adsorption sites to effectively adsorb polyphenols 
from beverages. Furthermore, the stabilising agent used in the invention can be used as 
5 supplied without the need to pre-swell before use. 

The process of the invention can be used to stabilise any beverage which is prone to haze 
formation through interaction of polyphenols with other beverage components such as 
polypeptides. Such beverages include ales, lagers, fruit juices, wines and ciders. The 
10 process is particularly useful for stabilising lager beers. 

The silica which is used to prepare the stabilising agent used in the process of the 
invention is characterised by a mean pore diameter of at least 6 nm. The mean pore 
diameter (MPD) is calculated assuming a cylindrical model for the pores and using the 
15 equation: 

MPD (in nm) = 4,000 x PV/SA 

where PV = Pore Volume to nitrogen (in cm 3 g~ 1 ) and SA = Surface Area to nitrogen 
(in m 2 g" 1 ), each measured by the method described below. Preferably, the mean pore 
20 diameter is at least 8 nm and, usually, the mean pore diameter is not greater than 80 nm. 
Often, the mean pore diameter is not more than 50 nm. 

Generally, the silica will have a surface area to nitrogen in the range 200 to 1000 m 2 g" 1 
and preferably in the range 250 to 800 m 2 g~ 1 . The pore volume to nitrogen is usually in 
25 the range 0.5 to 2.5 cm 3 g 1 and preferably in the range 0.8 to 2.0 cm 3 g" 1 . These two 
parameters need to be selected in combination to ensure the appropriate mean pore 
diameter, as outlined hereinbefore. 

The weight mean particle size of the silica is preferably in the range 2 to 100 micrometers, 
30 as determined by Malvern Mastersizer, as described in more detail hereinafter. More 
preferably, the silica has a weight mean particle size in the range 5 to 50 micrometers. 

Usually, the total moisture content of the silica is in the range 2 to 70 per cent by weight 
and, preferably, in the range 5 to 65 per cent by weight. 

35 

The silica suitable for use in the process of the invention can be prepared by any 
conventional method. Commonly, silica is prepared from an alkali metal silicate by 
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addition of a mineral acid. Silicas prepared by the so-called gel route or the so-called 
precipitate route are suitable for use in the process of the invention provided they possess 
the characterising parameters given hereinbefore. 

5 The water-soluble polymer which is used to modify the silica in preparing the stabilising 
agent used in the process of the invention has pendant pyrrolidone groups. Typically, it is 
a polymer or copolymer of vinyl pyrrolidone and the homopolymer, polyvinyl pyrrolidone 
(often denoted as PVP), is particularly preferred. In connection with this invention, a 
polymer is considered to be water-soluble if the polymer dissolves completely in water at 
10 20° C to produce a stable solution containing at least 1 weight per cent polymer. Preferred 
polymers form a stable aqueous solution containing at least 5 per cent by weight polymer 
at 20° C. 

When polyvinyl pyrrolidone homopolymer is used, a suitable weight average molecular 
15 weight is in the range from about 8000 to about 1,300,000. Particularly useful polymers 
have been found to be PVP K15, K30 and K90, available, for example, from Sigma- 
Aldrich Company Ltd. 

The amount of water-soluble polymer used in preparing the stabilising agent used in the 
20 invention is in the range 5 to 35 percent by weight with respect to anhydrous weight of 
silica. Preferably, the amount is in the range 10 to 30 per cent by weight based on 
anhydrous silica. 

The stabilising agent can be prepared by any method which allows the water-soluble 
25 polymer to interact with the silica particles. In a typical process, the silica to be treated is 
dispersed at a concentration in the range 2 to 20 per cent by weight (with respect to 
weight of dispersion) in an aqueous solution of the water-soluble polymer, at a 
concentration in the range 1 to 20 per cent by weight of the solution (the concentration of 
polymer in the solution used will often be determined by the solubility of the polymer), and 
30 stirred for a period of from 10 minutes to about 24 hours. This time period must be 
sufficient to ensure effective interaction of the polymer and the silica but, generally, no 
deleterious effect is apparent if the stirring is continued beyond the minimum period 
necessary. The modified silica is then separated from the aqueous solution, typically by 
filtration, washed with water and subsequently dried, for example in an oven at a 
35 temperature in the range 40 to 1 10° C. 
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In an alternative process, a dry, or nearly dry, silica is blended with just sufficient aqueous 
solution of the water-soluble polymer to treat the silica at the desired loading of polymer 
and is then dried as above. 

5 In the process of the invention the beverage is treated with the stabilising agent in order to 
remove haze-forming polyphenols from the beverage. The method of use is substantially 
similar to conventional treatment with cross-linked polyvinyl pyrrolidone. The stabilising 
agent used in the present invention is used in an amount similar to the amount of cross- 
linked polyvinyl pyrrolidone normally used, but the stabilising agent comprises only up to 

10 35 per cent polymer by weight. Therefore, in the process of this invention, the efficiency of 
adsorption of polyphenols, relative to the amount of polymer used, is much higher than in 
conventional processes and, consequently, the cost of treatment using the new process is 
substantially less. Generally, the stabilising agent is added to the beverage at a 
concentration in the range 50 to 500 g/m 3 , preferably in the range 150 to 400 g/m 3 with a 

15 commonly used contact time in the range 5 minutes to 24 hours, although there is no 
negative impact on the beverage if it is left in contact with the stabilising agent for an 
extended period of, for example, several days. The stabilising agent, together with the 
adsorbed polyphenols is then separated from the beverage by any suitable means, 
typically by filtration. 

20 

An alternative process for stabilising beverages according to the invention comprises 
treating the beverage with a stabilising agent comprising a particulate silica having a 
mean pore diameter of at least 6 nm and which has been modified by interaction with a 
water-soluble polymer having pendant pyrrolidone groups, the polymer being present on 
25 the silica in an amount from 5 to 35 per cent by weight with respect to anhydrous weight of 
silica, and with an unmodified silica gel. The unmodified silica gel can be a hydrogei or a 
xerogel. Preferably, in this alternative process the beverage is treated with a mixture of 
the modified silica and an unmodified hydrogei. 

30 In general, any unmodified silica gel which is suitable for treating beverages can be used 
in this alternative process. Usually the modified silica and the unmodified silica gel are 
used as a combined stabilising agent in a weight ratio in the range 1 : 1 to 1 : 20 modified 
silica to unmodified silica gel. Preferably, the weight ratio is in the range 1 : 2 to 1 : 10 
modified silica to unmodified silica gel. 

35 

This alternative process enables the removal of both polypeptides and polyphenols from a 
beverage in a one-step process which utilises the preferred, low-dusting hydrogei form of 
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silica. Moreover, filtration of a beverage treated with this combined stabilising agent has 
been found to be rapid in comparison to a treatment with a single stabilising agent 
designed to remove polyphenols or with an alternative combined stabilising agent 
designed to remove polyphenols and polypetides. 

5 

The following standard tests were used to determine the values of the parameters which 
characterise the silica support and the stabilising agent used in the invention and also to 
test the performance of stabilising agents in beverages. 

10 i) Surface Area and Pore Volume. 

Surface area and pore volume of the silica support were measured using standard nitrogen 
adsorption methods of Brunauer, Emmett and Teller (BET) using a multi-point method with 
an ASAP 2400 apparatus supplied by Micromeritics of USA. The method is consistent with 
the paper by S. Brunauer, P.H. Emmett and E. Teller, J. Am. Chem. Soc., 60, 309 (1938). 

15 Samples were outgassed under vacuum at 270° C for 1 hour before measurement at about 
-196° C. 

ii) Total moisture content 

The total moisture content was determined from the loss in weight of a sample of silica after 
20 heating in a furnace at 1 000° C to constant weight. 

iii) Weight Mean Particle Size 

The weight mean particle size of the silicas used in the invention was determined us)ng a 
Malvern Mastersizer Model X, made by Malvern Instruments, Malvern, Worcestershire with 
25 MS17 sample presentation unit. This instrument uses a development of Fraunhofer 
scattering theory to model the measured light scattered from a material in a laser beam (the 
Mie theory). A low power He/Ne laser is used to illuminate a sample cell containing a 
suspension of the particles in a liquid. 

30 Before measurement, the particulates were dispersed ultrasonically in water for 5.5 minutes 
to form an aqueous suspension and then mechanically stirred before they were subjected to 
the measurement procedure outlined in the instruction manual for the instrument, utilising a 
lens with a focal length of 100 mm in the system. 

35 iv) Beer Stabilisation 

Samples of beer were treated with the relevant amount of stabiliser in a sealed container 
previously purged with carbon dioxide, using the appropriate contact time at 0° C. The 
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treated beer was filtered at 0° C through a cellulose filter pad pre-coated with 0.7 kg/m 2 
diatomaceous earth (Clarcel CBL) and aided with 1000 g/m 3 bodyfeed of the same 
diatomaceous earth. The filtrate was collected for tannoid analysis using a Tannometer. 

5 Tannoids are defined as those fractions of polyphenolic compounds that can be precipitated 
by the addition of polyvinyl pyrrolidone, PVP K90, to the beer sample. They include the low 
and medium molecular weight polyphenols, the polymers of catechin and anthocyanogens. 
Measurement of the tannoid content of beer was carried out using a Tannometer, obtained 
from Pfeuffer GmbH, Kitzingen, Germany. On continuous injection of a solution of PVP into 

10 the sample a haze develops until all the tannoids are bound. The amount of PVP necessary 
to reach the maximum haze is proportional to the tannoid content of the sample. The 
Tannometer measures the amount of haze formed versus the amount of PVP injected and 
expresses the results in mg PVP per 1000 cm 3 . In the examples described hereinafter, 
measurements were made on both the untreated control sample and the treated samples, 

15 and results expressed as percentage tannoid reduction by treatment with the stabilising 
agent. 

v) Polymer content of stabilising agent 

The amount of polymer associated with a silica after modification was calculated by 
20 measuring the carbon contents of the untreated and treated silicas using a Leco CS-244 
Analyser. The amount of polymer on the silica was then calculated using: 

wt % polymer on silica = 100 x [(wt % C on treated silica) - (wt % C on untreated silica)] 

(wt % C in polymer) 

25 

The wt % C in the polymer was calculated from the structural formula of the polymer. For 
polyvinyl pyrrolidone this is 64.86%. 

vi) Polymer Retention on silica 

30 Polymer retention was measured in water at both room temperature and at 6° C. A 10%, 
by weight, suspension of the stabilising agent was prepared and agitated for a period of 
16 hours, after which the slurry was filtered. Analysis of the filtrate was carried out by 
measuring the UV absorption at 215 nm, using cell with a 1 cm path length. Polymer 
concentration in solution was determined from a calibration graph. 

35 

The invention is illustrated by the following, non-limiting examples. 



WO 02/057403 



PCT/GB02/00045 



EXAMPLES 
Example 1 

5 10 g of a silica having a BET surface area to nitrogen of 400 m 2 g"\ a weight mean particle 
size, measured by Malvern Mastersizer®, of 10 |Lim and a pore volume to nitrogen of 1.0 
cm 3 g" 1 (calculated mean pore diameter 10 nm) was added to 100 cm 3 of water and to this 
was added 12.36 g (PVP K15 or PVP K30) or 10.30 g (PVP K90) of a polyvinyl 
pyrrolidone powder (PVP K15, K30 and K90 are different grades of polyvinyl pyrrolidone, 
10 differing in molecular weight) and the mixture was agitated for 24 hours at room 
temperature using a tilted tube roller mixer. The product was then isolated by filtration, 
washed with 500 cm 3 water and dried in a fan-assisted oven at 60* C and subsequently 
comminuted to 10 jam mean particle size. The amount of polymer present on the silica 
was calculated by carbon analysis. 

15 

A sample of a European all-malt lager beer was treated using the modified silica in the 
manner described under "Beer Stabilisation" hereinbefore. The percentage of tannoids 
removed was determined by the method given hereinbefore and the results are shown in 
Table 1 below, in which a comparison is made with a cross-linked polyvinyl pyrrolidone 
20 sold under the Trade Mark Poiyclar 10 (obtained from International Specialty Products). 



TABLE 1 



Polymer type 


Wt% 
Polymer on 
Silica 


% Tannoid Reduction 






200 g / m 3 


400 g / m 3 


600 g / m 3 


800 g / m 3 


PVP K15* 


16.2 


20.2 


22.8 


23.6 


27.8 


PVP K30* 


16.2 




22.5 


25.4 


33.0 


PVP K90* 


12.4 




31.3 


33.1 


36.0 


PVPP 

(reference) 




34.7 









* Polyvinyl pyrrolidone obtained from Sigma-Aldrich 



25 
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Example 2 

Example 1 was repeated using an alternative silica sample which had a BET surface area 
to nitrogen of 350 m 2 g-\ a weight mean particle size, measured by Malvern Mastersizer®, 
5 of 10 jam and a pore volume to nitrogen of 1.6 cm 3 g~ 1 . The calculated mean pore diameter 
was about 18 nm. In each case 10 g of silica was treated with 12.36 g polymer. The 
effectiveness of the treated silica at removing tannoids was evaluated as described in 
Example 1 and the results are given in Table 2 below. 

10 TABLE 2 



Polymer type 


Wt% 
Polymer on 
Silica 


% Tannoid Reduction 






200 g / m 3 


400 g / m 3 


600 g / m 3 


800 g / m 3 


PVP K15 


19.2 


35.4 


37.6 


41.5 


43.7 


PVP K30 


17.3 




35.3 


33.2 


36.1 ; 


PVP K90 


14.8 


32.1 


32.5 






PVPP 
(reference) 




35.8 









Example 3 

15 Example 1 was repeated using an alternative silica sample which had a BET surface area 
to nitrogen of 690 m 2 g' 1 , a weight mean particle size, measured by Malvern Mastersizer®, 
of 15 fxm and a pore volume to nitrogen of 1.7 cm 3 g' 1 . The calculated mean pore diameter 
was approximately 10 nm. In each case 10 g of silica was treated with 12.36 g polymer. 
The treated silica was tested for tannoid removal in a second European all-mait lager and 

20 the results are given in Table 3 below. 
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TABLE 3 



Polymer type 


Wt% 
Polymer on 
Silica 


% Tannoid Reduction 






200 g / m 3 


400 g /m 3 


600 g / m 3 


800 g / m 3 


PVP K15 


19.0 




25.6 


25.6 


31.6 


PVP K30 


21.2 


24.3 


22.0 


29.4 


28.9 


PVP K90 


22.9 


21.7 


25.8 


27.1 




PVPP 
(reference) 




22.6 









5 Example 4 

A dispersion of 3.2 kg of a silica having a BET surface area to nitrogen of 690 m 2 g'\ a 
mean particle size, measured by Malvern Mastersizer®, of 1 5 \im and a pore volume to 
nitrogen of 1 .7 cm 3 g" 1 (calculated mean pore diameter approximately 10 nm) in 0.04 m 3 of 

10 water was prepared and to this was added 1 .2 kg of PVP K90 polyvinyl pyrroiidone in the 
form of a 5% solution in water and the mixture was agitated for 2 hours at room 
temperature. The product was then isolated by filtration, washed with water and dried in a 
fan-assisted oven at 60° C and then comminuted to a mean particle size of 15 nm. The 
amount of polymer present on the silica was calculated by carbon analysis and found to 

15 be 16.4% by weight. 

The product was assessed for polymer retention using the test method described 
hereinbefore. Commercial products used to stabilise beers were compared for "polymer 
retention". These products were: two samples of cross-linked polyvinyl pyrroiidone 
20 (Polyclar 10 and a product obtained from Fisher Fine Chemicals, UK) and Polyclar 
Plus 730, a mixture of silica xerogel and Polyclar 10 available from International Specialty 
Products. The results are given in Table 4 below. 
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TABLE 4 



Product 


Soluble PVP extracted (ppm) 




Treatment at Room 
Temperature 


Treatment at 6° C 


Example 4 


69.8 


81.6 


Polyclar 10 


1368.3 


1249 


Cross-linked polyvinyl 
pyrrolidone ex. Fisher. 


941.3 




Polyclar Plus 730 


148.7 





The results in Table 4 show that much less PVP polymer is extracted using this test from 
5 the product of Example 4, than from the cross-linked polyvinyl pyrrolidone and the 
blended silica plus Polyclar 10 product, Polyclar Plus 730. 
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CLAIMS 

1 . A process for stabilising a beverage against haze formation comprising treating 
the beverage with a stabilising agent comprising a particulate silica having a mean pore 
diameter of at least 6 nm and which has been modified by interaction with a water-soluble 
polymer having pendant pyrrolidone groups, the polymer being present on the silica in an 
amount from 5 to 35 per cent by weight with respect to anhydrous weight of silica. 

2. A process according to claim 1 characterised in that the beverage is a lager beer. 

3. A process according to claim 1 or 2 characterised in that the silica has a surface 
area to nitrogen in the range 200 to 1000 m 2 g _1 - 

4. A process according to any one of the preceding claims characterised in that the 
silica has a pore volume to nitrogen in the range 0.5 to 2.5 cm 3 g"\ 

5. A process according to any one of the preceding claims characterised in that the 
silica has a weight mean particle size in the range 2 to 100 micrometers. 

6. A process according to any one of the preceding claims characterised in that the 
silica has a total moisture content in the range 2 to 70 per cent by weight. 

7. A process according to any one of the preceding claims characterised in that the 
water-soluble polymer is a copolymer or homopolymer of vinyl pyrrolidone. 

8. A process according to claim 7 characterised in that the polymer is polyvinyl 
pyrrolidone having a weight average molecular weight in the range 8000 to 1,300,000. 

9. A process according to any one of the preceding claims characterised in that the 
amount of water-soluble polymer present on the silica is in the range 10 to 30 per cent by 
weight based on weight of anhydrous silica. 

10. A process according to any one of the preceding claims characterised in that the 
stabilising agent is mixed with the beverage at a dose level in the range 50 to 500 g/m 3 . 

11. A process according to claim 10 characterised in that the beverage is contacted 
with the stabilising agent for a period in the range 5 minutes to 24 hours. 
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12. A process according to any one of the preceding claims characterised in that the 
beverage is treated with a stabilising agent as used in claim 1 and with an unmodified 
silica hydrogel. 

13. A process according to claim 12 characterised in that the stabilising agent and 
silica hydrogel are used in a weight ratio in the range 1 : 1 to 1 : 30 stabilising agent to 
unmodified silica hydrogel. 
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